Apoptosis is an active process by which a multicellular organism eliminates redundant, defective, or destructive cells to control development, proliferation, immunological tolerance, and diseases. Many key different molecules such as reactive oxygen species, calcium ion, proteases, and kinases participate in apoptosis and there seems to be several pathways depending on the death signal. In the preceding paper, we reported that pradimicin specifically induces apoptosis in mammalian cells which carry high-mannose type oligosaccharides at the cell surface.1}
There are not many studies which have identified the involvement of cell surface glycans in apoptosis.2~4) Baum et al. reported that galectin-1 induced apoptosis of T cells by binding to TV-linked oligosaccharides and the apoptosis was avoided when the formation of complex type glycoproteins had been blocked through the inhibition of mannosidase II by swainsonine.4) Despite the findings of lectin-induced apoptosis, no such small molecules as PRMhas ever been identified to induce apoptosis which is mediated by cell surface glycans. Z-Asp-CH2-DCP, an ICE protease inhibitor, was from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) and diluted with DMSOto give lOmg/ml stock solution. Cell Tak was from Cosmobio Co. (Tokyo, Japan). All stock solutions were kept at -20°C.
Flow Cytometric Analysis U937 cells (2 x 106) were washed with PBS (-) three times. Then, the cells were incubated in 70%EtOH Af-Acetylcysteine Treatment DMJ-treated cells (5 x 104/ml) were cultured with MAY 1999 7V-acetylcysteine (0~10 him) for 3 hours at 37°C, washed with PBS (-) three times, and resuspended in RPMI 1640 medium (2.5 x 105/ml). Then, the cells were treated with 50fig/ml PRMin the presence of 1 mMCaCl2 for 24 hours at 37°C and the cell viability was determined by MTS assay.
Z-Asp-CH2-DCP Treatment DMJ-treated cells (2.5 x 105/ml) were incubated with 50/xg/ml PRM in RPMI 1640 medium containing 1 mM CaCl2 in the presence of Z-Asp-CH2-DCP (0-300 jug/ml) at 37°C. After 24 hours, the cell viability was determined by MTSassay.
Results
PRM-induced Apoptosis and Cell Cycle
Flow cytometric analysis was performed to investigate the relationship between apoptosis and the cell cycle (Fig.   1 IB, 1C ). This is in good accordance with the result that about 40%of the cells were determined to be dead by MTS assay after 24hours under the same condition.
Remarkably, DMJ-treated cells of the Gl phase were significantly decreased from 53% to 25% by PRM treatment. This result mayindicates that the cells of the Gl phase is most sensitive to PRM.
The Intracellular Ca2 + Level in PRM-induced Apoptosis
Considering the property of PRMwhich binds to D-mannosides in calcium-dependent manner, we studied the intracellular Ca2 + response to the PRMstimulation on U937 cells (Fig. 2) . The time course of the intracellular Ca2+ concentration of Fura2-AM-preloaded cells was monitored at 10seconds interval after the exposure to PRM. When 50^g/ml PRMwas added to normal U937 cells, the Ca2+ level was not changed (Fig. 2A) . However, it was elevated instantly after the addition of 50/ig/ml PRM to the cells which had been incubated with 200 /ig/ml DMJ for 48 hours (Fig. 2B) . In order to analyze the profile in detail, the scanning was conducted at 2.2 seconds interval under the same condition. The Ca2+ concentration waselevated within a secondin response to the PRMstimulation, dropped to the normal level, and a subsequent gradual increase and declining followed in 20 minutes (Fig. 2B, 2C ), indicating that there are two phases in the elevation of the intracellular Ca2+ level. On the other hand, 10/ig/ml PRM, at which concentration significant apoptosis was not detected in DMJtreated cells, did not affect the Ca2+ concentration at all (data not shown). These findings suggested the possible involvement of Ca2+ ions in signaling of PRM-induced apoptosis. The intracellular Ca2 + concentration was not increased when DMJ-treated cells were loaded with BAPTA-AM, a cell permeant Ca2+ chelator, before stimulating with 50/ig/ml PRM(data not shown). The suppression of the apoptosis by BAPTA-AM could not be proved due to its cytotoxity. In addition, the extracellular Ca2+ influx could not be confirmed technically because the removal of the extracellular Ca2 + by use ofa chelator such as EGTAprevented PRMfrom binding to mannose-rich oligosaccharides. PRM-induced apoptosis (Fig. 3) . DMJ-treated cells were incubated with NACbefore the treatment with PRM. It was found that while the viability of the cells not treated with NACwas 41%, that of the cells treated with 2.5 mMNACwas 90%, and the apoptosis was completely inhibited by 5mM NAC pretreatment. This result indicates that ROS is one of the mediators in PRM-induced apoptosis.
The time lag between the apoptotic stimulus and ROSproduction varies from a few minutes to a couple of hours depending on the experimental system.5'6) In our system, the intracellular Ca2+ level was elevated within a second after the PRM stimulation and apoptotic morphology was detected at least 12 hours after the stimulation, suggesting that ROS generation took place between the two events. 100 /ig/ml Z-Asp-CH2-DCB, PRM-induced apoptosis was not (Fig. 4) 
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